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(54) Method of detecting temperature of brake fluid and method of controlling brake fluid 
pressure 


(57) This method minimizes the change in the range 
of pressure increase and reduction with change in the 
viscosity of brake fluid due to change in the temperature 
of brake fluid and a delay in pressure increase and re- 
duction due to change in the brake fluid viscosity A pres- 
sure sensor having a zero-point temperature drift func- 
tion and a pressure sensor having no such drift function 
are provided to estimate the' brake fluid temperature 


based on the difference in output between the two pres- 
sure sensors. Fluid pressure is controlled according to 
a control mode corresponding to the fluid viscosity 
based on the estimated fluid temperature. Specifically 
the time during which electromagnetic valves are open 
is changed, or in the arrangement in which an electro- 
magnetic proportional pressure control valve is used, 
the current supplied to its electromagnet is changed 
based on the estimated brake fluid temperature. 


FIG. 1 
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Description 

BACKGROUND OF THE, INVENTION 

[0001] This invention relates to a method of detecting 
the temperature of brake fluid which is effective in con- 
trolling the brake fluid pressure in an automotive brake 
using electromagnetic on-off valves or a spool/valve 
type electromagnetic proportional pressure control 
valve, and a method of controlling the brake fluid pres- 
sure which makes it possible to control the brake fluid 
pressure to an ideal state while avoiding bad influences 
due to change in the viscosity of the brake fluid with 
change in the temperature. 

[0002] Automotive brake systems are being sophisti- 
cated year after year. Recent brake systems include not 
only ABS's (antiiock brake systems) but TCS's (traction 
control systems) and ASC systems (active safety con- 
trol systems-for correcting oversteering or understeering 
while the vehicle is turning by individually controlling the 
wheel brakes). 

[0003] Such a brake system is shown in Fig. 3. In this 
system, during normal braking, the fluid passage con- 
necting a master cylinder 2 to a wheel cylinder 4 for pro- 
ducing braking force is open, so that brake flu id can free- 
ly flow therebetween. 

[0004] When a brake pedal is in its ON position, if an 
electronic control unit (not shown) detects any lockup 
tendency of the vehicle wheel and produces a pressure 
reduction signal, the position of an electromagnetic 
changeover valve 5 changes over to disconnect the 
wheel cylinder 4 from the master cylinder 4, while an 
electromagnetic on-off valve 9 opens to discharge fluid 
pressure from the wheel cylinder 4 into a reservoir 3. 
[0005] When the locking tendency of the wheel disap- 
pears as a result of the pressure reduction, the electron- 
ic control unit detects this fact and produces a pressure 
reincrease signal. In response to this signal the elec- 
tromagnetic on-off valves 8 and 9 are opened and 
closed, respectively, so that fluid pressure is supplied 
into the wheel cylinder 4 from a pump 6. The wheel cyl- 
inder pressure thus rises again. Alternatively, the elec- 
tromagnetic on-off valves 8, 9 may be both closed to 
maintain the wheel cylinder pressure. During antiiock 
control, the above operations are repeated until the ve- 
hicle comes to a stop or until the brake pedal 1 is re- 
leased to prevent lockup of the vehicle wheel. 
[0006] Traction control is similar to antiiock control ex- 
cept that the brake pedal 1 is not tredded during traction 
control. If the electronic control unit detects slip of the 
vehicle wheel, the electromagnetic changeover valve 5 
changes over and the electromagnetic valve 8 opens so 
that fluid pressure is supplied into the wheel cylinder 4 
from an accumulator 7. The wheel cylinder 4 is thus 
braked in spite of the fact that the brake pedal is not 
trodden. Then, pressure reduction and pressure rein- 
crease operations are repeated to preven t slip of the ve- 
hicle wheel. 


[0007] In a different arrangement, an electromagnetic 
proportional pressure control valve 10 shown in Fig. 4 
is used to introduce fluid pressure from the pump circuit 
into the wheel cylinder 4 and to discharge fluid pressure 

5 from the wheel cylinder 4 into the reservoir 3. 

[0008] This electromagnetic proportional pressure 
control valve 1 0 comprises a housing 1 1 , a spool 1 2 sub- 
stantially liquid-tightly and slidably inserted in the hous- 
ing, a reaction pin 1 3 inserted at one end of the spool 

10 1 2. a spool-biasing spring 1 4 : and an electromagnet 1 5 
for biasing, i.e. pulling, the spool 12 in the direction op- 
posite to the direction in which the spool is biased by the 
spring 14. 

- [0009] The housing 11 has a first port 16, a second 
'5 port 17. athirdport 18, a first fluid chamber 19 into which 
one end of the spool 12 protrudes, and a second fluid 
chamber 20 into which the other end of the spool 1 2 pro- 
trudes. 

[0010] The spool 1 2 has a surface passage 21 : and 
20 an internal passage 22 kept in communication with the 
second port 17. The internal passage 22 has one end 
open to the first fluid passage 19. and at this end, the 
reaction pin 1 3 is substantially liquid-tightly inserted in 
the passage 22. Thus, a difference equal to the sectional 
2S area of the reaction pin 1 3 is created between the areas 
for bearing fluid pressures that urges the spool 1 2 in op- 
posite directions. The spool 12 is thus biased under a 
downward thrust which is equal to the above difference 
in area multiplied by the pressure at the second port 1 7. 
30 [0011] Between the spool 12 and the first port 16. a 
first valve portion 23 is formed to open and shut off com- 
munication between the first and second' ports 16, 17 
according to the position of the spool. Between the spool 
12 and the third port 18, a second valve portion 24 is 
35 formed to open and shut off communication between the 
second and third ports 1 7, 1 8 according to the spool po- 
sition. The degree of opening of each of the first and 
second valves 23, 24 changes with the spool position. 
[0012] With this electromagnetic proportional pres- 
to sure control valve 1 0 ; during a non-control state in which 
no current is supplied to the electromagnet 1 5, the spool 
12 is maintained in the illustrated position by the spring 
14. In this state, the first valve portion 23 is open, so that 
fluid pressure from the first port 1 6 flows into the second 
is port 17. 

[0013] When the electromagnet 15 is energized, the 
spool 1 2 is pulled downward in the figure by the electro- 
magnetic force until the upward force balances with the 
downward force. 

50 [0014] The relation at the balancing point is given by 
the following formula (1). Until the first valve portion 23 
closes, the pressure at the second port 1 7 and the spool 
moving distance increase as the exciting current I in- 
creases. When the current I further increases after the 

55 first valve portion 23 has been closed, the second valve 
portion 24 will open, thus communicating the second 
port 17 to the third port 18. The pressure at the second 
port 17 thus drops. 
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Fpr + Fsol = Fsp (1) 

Fsp: force of the spring 14 

Fsol: driving force by the electromagnet 15 

Fpr: thrust resulting from fluid pressure 

[0015] Fpr in the above equation is given by: 
(92 - P3) • S 

wherein P2 is the pressure at the second port 17 (load 
pressure). P3 is the reservoir pressure, and S is the sec- 
tional area of the reaction pin 1 3. On the other hand. 
Fsol equals b ■ 12 (b is a constant). Thus, the following 
relations are met: 

"(P2-P3)-S + b.l2 = Fsp 
.-.P2 = (Fsp-b.l2)/S f P3 (2) 


Since Fsp, b, S and P3 are all constants., the pressure 
P2 is proportional to the current I. In the equation (I). 
(Fsp - Fsol) is the spool driving force by the driving 
means. 

[0016] In the arrangement in which the electromag- 
netic on-off valves 8, 9 shown in Fig. 3 are used to in- 
troduce fluid pressure from the fluid pressure source 
(pump) into the wheel cylinder and discharge fluid pres- 
sure from the wheel cylinder into the reservoir, if the vis- 
cosity of brake fluid changes markedly, while the viscos- 
ity is extremely high, brake fluid flows at a slow rate, so 
that the amount of fluid that passes through the on-off 
valves decreases. This creates a difference between 
the pressure range when the fluid viscosity is low 
(shown by solid line Fig. 5) and the pressure range when 
it is high (chain line). 

[0017] In the arrangement in which the spool-valve 
type electromagnetic proportional pressure control 
valve shown in Fig. 3 is used to control brake fluid pres- 
sure, if the fluid viscosity is extremely high, the actual 
pressure P rises or falls only slowly as shown in Fig. 6. 
so that it takes a long time for the actual pressure P to 
reach the target pressure P(n). This means delay in re- 
sponse. 

[001 8] An object of this invention is to provide a meth- 
od of detecting a brake fluid temperature as a basic data 
for control without a temperature sensor and a method 
of controlling brake fluid pressure which can control fluid 
pressure based on the detected data so that sufficiently 
accurate-control is possible even if the fluid temperature 
is low and thus its viscosity is extremely high. 

SUMMARY OF THE INVENTION 

[0019] According to this invention, there is provided a 


method of detecting brake fluid temperature wherein 
two pressure sensors are provided for detecting the 
pressure of a master cylinder in a brake system, one of 
the pressure sensors has a predetermined zero-point 

5 temperature drift function, and the other having no or a 
minimum amount of zero-point temperature drift, and 
wherein the temperature of brake fluid with which the 
pressure sensors are in contact is detected based on a 
difference in output at zero point between the two pres- 

io sure sensors. 

[0020] The principle of the temperature detecting 
method according to this invention is shown in Fig, 7, 
which shows the output characteristics at zero point of 
a pressure sensor I having a zero-point temperature 

15 compensation circuit, and the output characteristics at 
zero point of a pressure sensor II having a temperature 
drift function. 

[0021] Fig. 8 shows a known pressure sensor having 
a zero-point temperature compensation circuit 32 for 

20 producing a signal having a waveform completely oppo- 
site to a signal waveform at zero point produced from a 
sensor element 30 through a sensitivity temperature 
compensation circuit 31 to keep the output fluctuation 
to zero. This sensor can be used as the pressure sensor 

2S j of Fig. 7. The pressure sensor II of Fig. 7 may be of the 
type shown in Fig. 8 in which the zero-point temperature 
compensation circuit 32 is adjusted such that it has a 
predetermined drift. 

[0022] In Fig. 7, if the difference in output at zero point 
30 between the two pressure sensors I and II is AT : it is 
possible to estimate the temperature of the brake fluid 
based on the output difference in two pressure sensors 
because there is a predetermined relationship between 
the temperature and AT. According to this invention, this 
35 predetermined relationship is stored in the electronic 
control unit (not shown) of the brake system, and a cir- 
cuit (not shown either) for estimating the temperature 
from the stored relationship and the actual output differ- 
ence is provided in the ECU. 
40 [0023] Similarly, in the arrangement in which a brake 
sensor and a pressure senspr having a zero-point drift 
function are used, the pressure sensor output while the 
brake switch is off. that is. while no master cylinder pres- 
sure is being produced, drifts with the temperature. 
Thus, it is possible to detect the brake fluid temperature 
based on the zero-point drift output if the relationship 
between the temperature and the drift output is known 
beforehand. 

[0024] A temperature sensor may be provided to 
50 measure the brake fluid temperature. But it is econom- 
ically more advantageous to use a pressure sensor and/ 
or a brake switch which are essential elements of the 
brake system to estimate the temperature based on the 
zero-point drift output of the pressure sensor. 
55 [0025] Based on the thus estimated brake fluid tem- 
perature, it is possible to estimate the viscosity of the 
brake fluid. According to this invention, the wheel cylin- 
der fluid pressure is controlled by changing over the con- 
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trol mode based on the thus estimated viscosity of the 
brake fluid to remove any influence due to change in the 
fluid viscosity. Thus, even if the fluid viscosity becomes 
extremely high, the brake fluid pressure is controllable 
with good responsiveness and control accuracy. 
[0026] Other features and objects of the present in- 
vention will become apparent from the following descrip- 
tion made with reference to the accompanying draw- 
ings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Fig. 1 is a circuit diagram of a brake system con- 
structed by adding means for carrying out the meth- 
od of this invention to the brake system of Fig. 3: 
Fig. 2 is a circuit diagram of a brake system con- 
structect by adding means for carrying out the meth- 
od of this invention to the brake system of Fig. 4: 
Fig. 3 is a circuit diagram of a conventional brake 
system in which fluid pressure is controlled by elec- 
tromagnetic on-off valves; 

Fig. 4 is a circuit diagram of a conventional brake 
system in which fluid pressure is controlled by an 
electromagnetic proportional pressure control 
valve; 

Fig. 5 is a graph showing how the range of pressure 
increase and reduction changes with change in the 
fluid viscosity in an arrangement in which electro- 
magnetic on-off valves are used: 
Fig. 6 is a graph showing a fluid pressure waveform 
when fluid pressure is controlled by an electromag- 
netic proportional pressure control valve: 
Fig. 7 illustrates the principle of temperature esti- 
mation: 

Fig. 8 is a circuit diagram showing the structure of 
a known pressure sensor: 

Fig. 9 is a graph showing the relationship between 
the time during which the electromagnetic on-off 
valves are open and the pressure range: and 
Fig. 10 shows a waveform of the actual pressure 
controlled by the method of this invention using an 
electromagnetic proportional pressure control 
valve. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] Fig. 1 shows a brake system to which the meth- 
od of this invention is applied. This system is construct- 
ed by adding means for carrying out the method of this 
invention to the brake system of Fig. 3. 
[0029] This brake system comprises a master cylin- 
der 3, a wheel cylinder 4 for producing a braking force 
by fluid pressure, an electronic control unit (ECU. not 
shown), and a fluid pressure control unit comprising an 
electromagnetic changeover valve 5 activated on com- 
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mand of the ECU, electromagnetic on-off valves 8, 9, a 
pump 6 and an accumulator 7. 

[0030] In this system, the pressure in the wheel cylin- 
der 4 is increased, reduced and maintained by the elec- 
tromagnetic on-off valves 8, 9. If the brake fluid used is 
of a type whose viscosity tends to change widely with 
temperature, the difference between the target pressure 
and the actual pressure will widen if the viscosity of the 
brake fluid becomes extremely high. 
[0031] In order to solve this problem, the brake sys- 
tem of this invention has two pressure sensors 25 : 26 
for detecting the master cylinder pressure. The one 
pressure sensor 25 has a zero-point temperature drift 
function, while the other sensor 26 has no or a minimum 
zero-point temperature drift. The brake fluid tempera- 
ture is estimated based on the output difference at zero- 
point of the two pressure sensors 25 ; 26. Based on the 
thus estimated brake fluid temperature ! the viscosity of 
the brake fluid is estimated. The electromagnetic on-off 
valves 8. 9 are controlled according to a control mode 
corresponding to the fluid viscosity. 
[0032] According to the control mode, the higher the 
fluid viscosity, the longer the electromagnetic on-off 
valves 8, 9 are opened. Thus, when the brake fluid tem- 
perature is so low and the fluid viscosity so high as to 
influence the controlled fluid pressure, the period during 
which the electromagnetic on-off valves 8, 9 are opened 
are changed as shown in Fig. 9 such that a required 
amount of fluid can flow even when the fluid viscosity is 
extremely high. Thus, fluid pressure can be increased 
and decreased within substantially the same range as 
when the fluid viscosity is low. 

[0033] In the brake system of Fig. 1 in which two pres- 
sure sensors are used, zero point is determined based 
on the output of the pressure sensor having no or a min- 
imum zero-point temperature drift function. In another 
arrangement in which a brake sensor is provided to de- 
termine whether or not the master cylinder pressure is 
being produced, the zero point can be determined 
based on a signal from the brake sensor. In this case, a 
single pressure sensor having a zero-point temperature 
drift function is sufficient. Any output of the pressure 
sensor produced while the master cylinder is not pro- 
ducing pressure is subject to a temperature drift. Thus, 
it is possible to estimate the brake fluid temperature 
based on the output of the pressure sensor which drifts. 
[0034] Fig. 2 shows a system constructed by adding 
means for carrying out the method of this invention to 
the brake system of Fig. 4. 

[0035] In this brake system, an electromagnetic pro- 
portional pressure control valve 1 0 is used to control the 
fluid pressure in the wheel cylinder 4. The control valve 
10 includes a spool 12 having pressure-receiving por- 
tions having different sectional areas from each other 
for receiving the pressure at the second port 17 in op- 
posite directions, and a spool drive means comprising 
a spring 1 4 and an electromagnet 1 5 to which a current 
controlled by an electronic control unit (not shown) is 
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supplied. 

[0036] The spool 1 2 is adapted to move to a point 
where the driving force by-the drive means balances 
with the thrust by the pressure at the second port. As 
the spool moves, the state of communication between s 
the first port 16 connected to the fluid pressure source 
or the third port 18 connected to the reservoir 3 and the 
second port 1 7 changes over, and the degrees of open- 
ing of the first valve portion 23 for opening and shutting 
off communication between the first port 1 6 and the sec- f 0 
ond port 1 7 and the second valve portions 24 for open- 
ing and shutting off communication between the second 
port 1 7 and the third port 1 8 are controlled to values cor- 
responding to the current supplied to the electromagnet 
15. 15 
[0037] Thus, if the viscosity of the brake fluid increas- 
es excessively with change in temperature, a delay in 
response will be a problem. To solve this problems ac- Claims 
cording to the invention, a pressure sensor 25 having a 
predetermined zero-point temperature drift function and 20 1 . 
a brake switch 27 are provided. The latter serves to de- 
tect that the brake pedal 1 is not depressed and thus the 
master cylinder is not producing pressure. The brake flu- 
id temperature is estimated based on the drift output of 
the pressure sensor 25 at this time, and the viscosity of 2S 
the brake fluid is estimated based on the thus estimated 
fluid temperature, and the electromagnetic proportional 
pressure control valve 10 is controlled according to a 
control mode based on the fluid viscosity. In this control, 
as shown in Fig. 10, a current supplied to the electro- so 
magnet 1 5 is controlled to carry out overshoot or under- 
shoot control when pressure is increased or decreased, 2. 
respectively, to a final target pressure equal to the target 
pressure P(n) plus or minus a predetermined pressure 
addP respectively, for time periods T1 or T2. 35 
[0038] Thus, by increasing the degrees of opening of 
the valve portions when the brake fluid temperature is 
low and its viscosity high, fluid flows quickly, thus pre- 
venting any delay in response. 

[0039] In this method, value addP and time periods 40 
T1, T2 are predetermined to optimal values for every 
temperature range and stored in the ECU for use in the 
actual control. Time periods during which the electro- 
magnetic on-off valves 8, 9 (Fig. 1 ) are opened, are also 3. 
predetermined for every temperature range and stored 45 
in a memory table so as to be read for use in the actual 
control. 

[0040] Like the brake system of Fig. 1 , the brake sys- 
tem of Fig. 2 may be provided with two pressure sensors 
25, 26 to detect the brake fluid pressure based on the so 
output difference at zero point of the two sensors. 
[0041] If two pressure sensors are used to detect the 
brake fluid pressure, both may have the temperature 
drift function. In this case, they have to have different 
output characteristics from each other so that a temper- 55 
ature-dependent output difference is produced. 
[0042] According to this invention., since the brake flu- 
id temperature is detected based on the outputs of the 


pressure sensors, no temperature sensor is needed. 
Thus, from both economical and layout viewpoints, it is 
possible to advantageously carry out accurate brake flu- 
id pressure control according to the brake fluid temper- 
ature. 

[0043] Pressure is controlled according to the control 
mode corresponding to the brake fluid viscosity estimat- 
ed based on the detected brake fluid temperature. This 
solves the problems encountered when the fluid viscos- 
ity is extremely high, namely, change in the range within 
which pressure can be increased and reduced when 
electromagnetic on-off valves are used, and a delay in 
response when an electromagnetic proportional control 
valve is used. This leads to more stable and reliable ve- 
hicle behavior control. 


A method of detecting brake fluid temperature 
wherein two pressure sensors are provided for de- 
tecting the pressure of a master cylinder in a brake 
system, one of said pressure sensors has a prede- 
termined zero-point temperature drift function, and 
the other having no or a minimum amount of zero- 
point temperature drift, and wherein the tempera- 
ture of brake fluid with which said pressure sensors 
are in contact is detected based on a difference in. 
output at zero point between said two pressure sen- 
sors. 

A method of detecting brake fluid temperature 
wherein a pressure sensor for detecting the pres- 
sure of a master cylinder in a brake system and a 
brake switch for detecting the operation of a brake 
are provided, said pressure sensor having a prede- 
termined zero-point temperature drift function, and 
wherein the temperature of brake fluid with which 
said pressure sensor is in contact is detected based 
on the output at zero point of said pressure sensor 
when said brake switch detects no brake operation 
and thus no pressure of the master cylinder. 

A method of controlling brake fluid pressure com- 
prising the steps of detecting by the method as 
claimed in claim 1 or 2 the temperature of brake fluid 
in a brake system including a wheel cylinder for pro- 
ducing a braking force by fluid pressure, a master 
cylinder for supplying fluid pressure to said wheel 
cylinder and a fluid pressure control, unit for con- 
trolling the fluid pressure of wheel cylinder, estimat- 
ing the viscosity of the brake fluid based on the thus 
detected temperature of brake fluid, and controlling 
the fluid pressure of the wheel cylinder according to 
a control mode corresponding to the estimated fluid 
viscosity. 
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FIG. 1 
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FIG. 7 
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FIG. 9 
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